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(57) Abstract: A via is first etched in a di- 
electric. Then a conformal layer is deposited 
over the dielectric and the via. The confor- 
mal layer reduces an initial width of the via 
to a target width. A trench is then etched in 
the dielectric and the conformal layer. Since 
the width of the via is reduced from the initial 
width to the target width, the resulting final 
via has a high aspect ratio, while the fabrica- 
tion of the final high aspect ratio via has been 
made much easier as compared to the conven- 
tional fabrication methods. The via and the 
trench are then filled with metal which con- 
tacts an interconnect metal situated below the 
via. In one embodiment, copper is used to fill 
the via and the trench and also as the intercon- 
nect metal below the via. In one embodiment, 
the dielectric is silicon dioxide or fluorinated 
silicon dioxide and the conformal layer is sil- 
icon dioxide. In another embodiment, the di- 
electric is silicon dioxide or fluorinated sili- 
con dioxide while the conformal layer is sili- 
con nitride. In order to etch the trench in the 
dielectric and the conformal layer, a timed exposure to a carbon fluoride based plasma is employed. Alternatively, instead of timing 
the exposure to plasma, a suitable etch stop layer is used. In the embodiment where a conformal layer of high dielectric constant is 
used, the conformal layer remaining on the dielectric surface is removed using either chemical mechanical polishing or by plasma 
etching. The final structure is a via and a trench where the via's side walls are covered by the conformal layer while the trench's side 
walls are not covered by the conformal layer. 
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METHOD FOR FABRICATION AND STRUCTURE FOR HIGH ASPECT RATIO VIAS 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

5 The present invention is generally in the field of fabrication of integrated circuit structures. In 

particular, the invention is in the field of fabrication of dual damascene via structures. 

2. BACKGROUND ART 

It is known in the art that there is an ever-present demand for decreasing semiconductor device 
sizes and geometries. The demand is fueled by the requirement mat each unit area of the 

1 0 semiconductor die supply greater computing power and functionality. The requirement to decrease 
semiconductor device sizes and geometries has resulted, among other things, in a need to reduce width 
of vias in interconnect structures. Another reason for the need to reduce width of vias is that due to the 
ever-decreasing space between neighboring interconnect metal lines, wide vias may cause shorts to 
neighboring interconnect metal lines which are laid out close to the interconnect metal line contacting 

15 the via. 

Thus, it is generally appreciated in the art that narrow vias are desirable for reasons such as 
those mentioned above. Despite the desire to reduce the width of vias, there has been no pressing need 
to reduce the depth of vias to achieve performance improvements. 

There is no compelling requirement to reduce vertical space or dielectric thickness between two 

20 vertically adjacent interconnect metal layers. In feet, reducing dielectric thickness results in an increase 
in interconnect capacitance which degrades performance of the semiconductor chip. Moreover, as the 
number of interconnect metal layers increases, it is desirable to use thicker dielectric layers between the 
higher interconnect metal layers. The reason is that metal line widths for the higher interconnect layers 
are usually greater than metal line widths for the lower interconnect metal layers. Larger line widths 

25 result in larger inter-layer capacitance. As such, thicker dielectric layers are desired in order to 

decrease, or at least to prevent a potential increase in, the inter-layer capacitance between the higher 
interconnect metal layers. Thus, as the number of interconnect metal layers have increased, vias have 
had to be formed through thicker dielectrics existing between the higher interconnect metal layers. 
However, via widths connecting the higher interconnect metal layers to the lower interconnect metal 

30 layers should still be small in order to accommodate the smaller metal line widths of the lower 
interconnect metal layers. 

Since it is desirable to reduce the width of vias while preserving or even increasing their depth, 
the "aspect ratio" (i.e. the ratio of via depth to via width) has been continually increasing. As aspect 
ratio of vias increase, it becomes more difficult to properly etch the via hole in the dielectric. The 

35 reason is that it becomes more difficult to perform the necessary anisotropic etch required to reach the 
desired bottom of the via without running into a number of problems. For example, it might be 
difficult to perform a plasma etch since the plasma might not reach the desired depth of the via. Also, 



WO 01/63659 



PCTAJS01/05030 



even if the plasma readies the desired depth, other parts of the semiconductor die undergoing 
fabrication may be undesirably removed due to the longer than typical exposure to plasma. For 
example, as the geometry of semiconductor and interconnect structures decreases, thinner photoresist 
must be used due to limitations in depth of focus in photolithography and the longer than typical 
5 exposure to plasma results in exhausting the photoresist The challenge to etch deep and narrow via 
holes becomes even more difficult in fabrication of dual damascene interconnect structures. A typical 
method to fabricate vias in dual damascene interconnect structures requires deposition of both the via 
dielectric and the trench dielectric. The via hole must then be etched through both the via dielectric 
and the trench dielectric. As such, a deep hole through both the via dielectric and the trench dielectric 
10 must be etched. 

U.S. patent 5,753,967 to Lin discusses fabrication of high aspect ratio vias. Lin discloses a 
technique for forming a trench and a via in a first dielectric and men reducing the width of the trench 
and the via by depositing a second dielectric into the trench and the via. According to Lin, the second 
dielectric would remain in the trench sidewall and it (i.e. the second dielectric remaining in the trench) • 

1 5 may be silicon nitride or other dielectric. Dielectrics such as silicon nitride have a high dielectric 
constant which result in an unwanted increase in line to line capacitance between the interconnect 
metal lines formed in the trenches. 

Moreover, according to Lin, the interconnect metal line width in the trench is reduced due to 
the second dielectric remaining in the trench. This results in an unwanted increase in the metal line 

20 resistance. Although it is possible to start with a wider trench to compensate for the reduction in the 
interconnect metal width which occurs upon deposition of the second dielectric, starting with wider 
trenches increases the metal pitch (i.e., the distance between the centers of two neighboring metal 
lines). This in turn results in a consumption of a larger area of the semiconductor die. 

Thus, there is need in the art for fabricating high aspect ratio vias while resolving the 

25 shortcomings in the art as explained above. 
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SUMMARY OF THE INVENTION 
The present invention discloses method for fabrication and structure for high aspect ratio vias. 
According to the invention's method, a via is first etched in a dielectric. Then a conforms! layer is 
deposited over the dielectric and the via. The conformal layer reduces an initial width of the via to a 
5 target width. A trench is then etched in the dielectric and the conformal layer. Since the width of the 
via is reduced from the initial width to the target width, the resulting final via has a high aspect ratio, 
while the fabrication of the fi nal high aspect ratio via has been made much easier as compared to the 
conventional fabrication methods. The via and the trench are then filled with metal which contacts an 
interconnect metal situated below the via. In one embodiment of the invention copper is used to fill the 
10 via and the trench and also as the interconnect metal below the via. 

In one embodiment of the invention, the dielectric is silicon dioxide or fluorinated silicon 
dioxide and the conformal layer is silicon dioxide. In another embodiment of the invention, the 
dielectric is silicon dioxide or fluorinated silicon dioxide while the conformal layer is silicon nitride. In 
order to etch the trench in the dielectric and the conformal layer, a timed exposure to a carbon fluoride 
1 5 based plasma is employed. Alternatively, instead of timing the exposure to plasma, a suitable etch stop 
layer is used. 

In the embodiment of the invention where silicon nitride is used as the conformal layer, the 
silicon nitride remaining on the dielectric is removed using either chemical mechanical polishing or a 
carbon fluoride based plasma. 
20 The invention's final structure is a via and a trench where the via's side walls are covered by 

the conformal layer while the trench's side walls are not covered by the conformal layer. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 illustrates a via with initial width Wj etched in a dielectric. 
Figure 2 illustrates a conformal layer deposited over the dielectric and via f Figure 1 . 
Figure 3 illustrates photoresist with a trench pattern over the conformal layer of Figure 2. 
5 Figure 4 illustrates a trench etched in the conformal layer and dielectric of Figure 3 while 

photoresist pattern remains over the conformal layer. 

Figure 5 illustrates the trench etched in the conformal layer and dielectric of Figure 4, but 
photoresist pattern has been stripped. 

Figure 6 illustrates the trench and via configuration of Figure 5 after etching a barrier layer at 
10 bottom of the via. 

Figure 7 shows the final structure of the invention's high aspect ratio via according to the 
embodiment of the invention illustrated in Figures 1 through 7. 

Figure 8 illustrates a via with initial width Wi etched in a dielectric. 
Figure 9 illustrates a conformal layer deposited over the dielectric and via of Figure 8. 
1 5 Figure 1 0 illustrate photoresist with a trench pattern over the conformal layer of Figure 9. 

Figure 1 1 illustrates a trench etched in the conformal layer and dielectric of Figure 10 while 
photoresist pattern remains over the conformal layer. 

Figure 12 illustrates the trench etched in the conformal layer and dielectric of Figure 1 1, but 
photoresist pattern has been stripped. 
20 Figure 13 illustrates the trench and via configuration of Figure 12 after etching a barrier layer 

at bottom of the via. 

Figure 1 4 shows the trench and the via of Figure 13 when metal has filled the trench and the 

via. 

Figure 15 shows the final structure of the invention's high aspect ratio via according to the 
25 embodiment of the invention illustrated in Figures 8 through 15. 

Figure 16 shows the trench and the via of Figure 12 when the conformal layer on the dielectric 
surface and the barrier layer at bottom of the via have been removed. 

Figure 17 shows the final structure of the invention's high aspect ratio via according to the 
embodiment of the invention illustrated in Figures 8 through 12 and 16 through 17. 

30 
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DETAILED DESCRIPTION OF THE INVENTION 
Hie present invention discloses method for fabrication and structure for high aspect rati vias. 
Although the invention is described with respect to specific embodiments, th principles of the 
invention, as defined by the claims appended herein, can obviously be applied beyond the specifically 
5 described embodiments of the invention described herein. Moreover, in the description of the present 
invention, certain details have been left out in order to not obscure the inventive aspects of the 
invention. The details left out are within the knowledge of a person of ordinary skill in the art 

Hie drawings in the present application and their accompanying detailed description are 
directed to merely example embodiments of the invention. To maintain brevity, other embodiments of 
10 the invention which use the principles of the present invention are not specifically described in the 
present application and are not specifically illustrated by the present drawings. 

In the present application, the invention is explained by reference to a "dual damascene" 
process. The term "damascene" is derived from the ancient in-laid metal artistry originated in 
Damascus. According to the "single damascene" process, trenches are cut into the dielectric and then 
1 5 filled with metal. Then excess metal over the wafer surface is removed to form desired interconnect 
metal patterns within the trenches. In contrast to the single damascene process, in the "dual 
damascene" process in addition to trenches cut in the dielectric, vias are also cut in the dielectric to 
connect the interconnect metal in the trench to the underlying metal layer. Although the present 
application discloses fabrication of high aspect ratio vias in a dual damascene process, the invention is 
20 also applicable to fabrication of high aspect ratio vias in semiconductor processes other than the dual 
damascene process. 

One embodiment of the invention's method and structure to fabricate high aspect ratio vias is 
shown in Figures 1 through 7 which illustrate various process steps in the present invention by showing 
the cross sections of the resulting structures after each process step. As the invention's first step in the 

25 fabrication of a high aspect ratio via, Figure 1 shows via 10 which has been etched in dielectric 12. In 
the present embodiment, dielectric 12 can be silicon dioxide or a low dielectric constant material such 
as fluorinated silicon dioxide (also called *TSG"). Via 10 has an initial depth "di" which is equal to 
the distance between top surface 1 1 of dielectric 12 and bottom 17 of via 10. Via 10 also has an initial 
width "Wj" which is equal to the distance between the two side walls 1 5 of via 10. 

30 The initial aspect ratio of via 10 is thus diM (di divided by Wj). By way of example, initial 

width Wi can be 035 microns and initial depth dj can be 1 .3 microns. In this example, the initial aspect 
ratio of via 10 is 3.71 (i.e. dM = 13/0.35 « 3.71). Barrier layer 14 runs under dielectric 12 and 
bottom 17 of via 10. In this embodiment of the invention, barrier layer 14 can be silicon nitride. 
Barrier layer 14 is used to prevent diffusion of underlying interconnect metal 18 into dielectric 12. In 

35 the present embodiment, interconnect metal 18 can be copper. As shown in Figure I, barrier layer 16 
surrounds interconnect metal 18. In the present embodiment, barrier layer 16 can be tantalum, 
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tantalum nitride, titanium nitride, or tungsten nitride. Barrier layers 14 and 16 encapsulate interconnect 
metal 1 8 and prevent it from diffusing out 

Figure 2 shows the result of the next step in the invention's process for fabricating a high 
aspect ratio via. As shown in Figure 2, a conforma! layer 20 blankets top surface 1 1 of dielectric 12 as 
5 well as side walls 15 and bottom 17 of via 10 (top surface 1 1, side walls 15 and bottom 17 are marked 
only in Figure 1 and not in Figure 2). In this embodiment, conformal layer 20 can be silicon dioxide or 
a low dielectric constant material such as fluorinated silicon dioxide. Conformal layer 20 is deposited 
over dielectric 12 and via 10 by deposition methods, such as chemical vapor deposition ("CVD"), 
known in the art It is preferable that conformal layer 20 have a **step coverage" of nearly 100%. In 
10 other words, it is preferable that the thickness of conformal layer 20 remain constant over all parts of 
the conformal layer and, in particular, over those parts of conformal layer 20 which cover the steps 
formed at the meeting points of top surface 1 1 of dielectric 12 and side walls 15 of via 10. 

As seen in Figure 2, after depositing conformal layer 20, the width of via 10 is reduced to 
target width w t . Target width w t is thus equal to initial width w* minus two times the thickness of 
15 conformal layer 20 along side wall 15. By way of example, if initial width Wj is equal to 0.35 microns 
and the thickness of conformal layer 20 along side wall 1 5 is equal to 0. 1 0 microns, target width w t 
would be equal to 0.15 microns. 

The next step in the invention's process is shown in Figure 3. Figure 3 shows photoresist 22 
patterned on top of conformal layer 20. Photoresist 22 is used to etch a trench in conformal layer 20 
20 and dielectric 12. Figure 4 shows trench 24 which is etched into conformal layer 20 and dielectric 12. 
Trench 24 is etched in dielectric 12 and conformal layer 20 using a conventional carbon fluoride based 
plasma with ratios of carbon and fluoride appropriately selected for etching silicon dioxide or 
fluorinated silicon dioxide as the case may be. The two side walls of trench 24 are pointed to by 
numeral 23. 

25 In the present embodiment of the invention, trench depth d* of trench 24 is determined by the 

length of time during which conformal layer 20 and dielectric 12 are exposed to the etching plasma. In 
another implementation of this embodiment of the invention, instead of timing the exposure to plasma, 
a suitable etch stop layer, such as silicon nitride, silicon carbide, aluminum oxide, or silicon oxynitride 
is used to achieve trench depth d* of trench 24, 

30 The next step in the invention's process is to strip photoresist 22 which was used solely to 

protect the underlying conformal layer 20 and dielectric 12 during the etching of trench 24. Photoresist 
22 is stripped using a conventional oxygen plasma or by using hydrogen plasma or forming gas (H 2 / 
N 2 ). During mis step barrier layer 14 protects interconnect metal 18 from being oxidized when 
interconnect metal 18 is copper and oxygen plasma is used. The result of this step is shown in Figure 

35 5. The next step in the invention's process is to remove barrier layer 14 from the bottom of via 10 by 
using a conventional carbon fluoride based plasma with ratios of carbon and fluoride appropriately 
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selected for etching silicon nitride. The result of this step is shown in Figure 6. As seen ha Figure 6, 
interconnect metal 18 is now exposed and can contact the metal used to fill via 10. 

Hie next and last step in the present embodiment f the invention is shown in Figure 7. In mis 
step, trench 24 and via 10 are filled with metal 26. In this embodiment of the invention, metal 26 can 
5 be copper. A typical method to fill trench 24 and via 1 0 with copper is to first deposit a barrier layer. 
This barrier layer is not shown in Figure 7 or in any of the Figures. After deposition of the barrier layer 
either of two alternatives can be used A first alternative is to perform a copper seed deposition 
followed by copper electroplating. A second alternative is to deposit copper by chemical vapor 
deposition ("CVD"). Following either of these two alternatives, chemical mechanical polishing 

1 0 ("CMP") is performed to remove excess copper over the wafer surface. 

As shown in Figure 7, metal 26 fills trench 24 and via 10 and contacts interconnect metal 18 
which is situated below via 1 0. It is noted that the metal filling trench 24 is in fact part of an 
interconnect metal pattern situated on top of via 10. Thus, via 10 connects interconnect metal 18 
situated below via 10 to an interconnect metal pattern above via 10. 

15 It is noted that according to the conventional methods, a hole having a target depth dt (d* is 

shown in Figure 7) and a target width w t (w t is also shown in Figure 7) had to be etched to arrive at the 
final trench and via configuration shown in Figure 7. It is further noted that dt is equal to 1.4 microns 
in the example used in the present application. The reason is that d t is equal to o* (di is shown in Figure 
1 and is 1 .3 microns) plus the thickness of conformal layer 20 (i.e. 0.1 microns). Moreover, as 

20 explained above, w t is equal to 0. 1 5 microns. Thus, the aspect ratio of the required prior art hole (i.e. 
dt/w t ) would be 9.33 (i.e. cVw t 13 1 .4/0. 15 = 9.33). However, as explained above, the invention's 
requires a hole having an aspect ratio of merely 3.71 (i.e. dj/Wi = 1 3/0.35 = 3.71). Accordingly, the 
invention's method makes it much easier to arrive at the final desired trench and via structure shown in 
Figure 7. 

25 Another embodiment of the invention's method and structure to fabricate high aspect ratio vias 

is shown in Figures 8 through 1 7 which illustrate various process steps in the present invention by 
showing the cross sections of the resulting structures after each process step. As the invention's first 
step in the fabrication of a high aspect ratio via in the present embodiment, Figure 8 shows via 30 
which has been etched in dielectric 32. In the present embodiment, dielectric 32 can be silicon dioxide 

30 or fluorinated silicon dioxide (also called "FSG"). Via 30 has an initial depth "di" which is equal to 
the distance between top surface 3 1 of dielectric 32 and bottom 37 of via 30. Via 30 also has an initial 
width "w i" which is equal to the distance between the two side walls 35 of via 30. 

The initial aspect ratio of via 30 is thus d/Wj (dj divided by Wi). By way of example, initial 
width wj can be 0.35 microns and initial depth di can be 1 3 microns. In mis example, the initial aspect 

35 ratio of via 30 is 3.71 (i.e. d/wi = 1 .3/035 = 3.71). Barrier layer 34 runs under dielectric 32 and 
bottom 37 of via 30. In this embodiment of the invention, barrier layer 34 can be silicon carbide or 
silicon nitride. H wever, silicon carbide is preferred since it has a lower dielectric constant than silicon 
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nitride. Barrier layer 34 is used to prevent diffusion of underlying interconnect metal 38 int dielectric 
32. In the present embodiment, interconnect metal 38 can be copper. Assh wn in Figure 8, barrier 
layer 36 surrounds interconnect metal 38. In the present embodiment, barrier layer 36 can be tantalum, 
tantalum nitride, titanium nitride, or tungsten nitride. Barrier layers 34 and 36 encapsulate interconnect 
metal 38 and prevent it from diffusing out 

Figure 9 shows the result of the next step in the present embodiment of the invention's process 
for fabricating a high aspect ratio via. As shown in Figure 9, a conformal layer 40 blankets top surface 
3 1 of dielectric 32 as well as side walls 35 and bottom 37 of via 30 (top surfece 3 1, side walls 35 and 
bottom 37 are marked only in Figure 8 and not in Figure 9). In this embodiment, conformal layer 40 
can be silicon nitride. Conformal layer 40 is deposited over dielectric 32 and via 30 by deposition 
methods, such as chemical vapor deposition ("CVD"), known in the art It is preferable that conformal 
layer 40 have a "step coverage" of nearly 100%. In other words, h is preferable that the thickness of 
conformal layer 40 remain constant over all parts of the conformal layer and, in particular, over those 
parts of conformal layer 40 which cover the steps formed at the meeting points of top surfece 3 1 of 
dielectric 32 and side walls 35 of via 30. 

As seen in Figure 9, after depositing conformal layer 40, the width of via 30 is reduced to 
target width w t . Target width w t is thus equal to initial width w s minus two times the thickness of 
conformal layer 40. By way of example, if initial width Wj is equal to 0.35 microns and the thickness 
of conformal layer 40 is equal to 0.10 microns, target width w t would be equal to 0.15 microns. 

The next step in the invention's process is shown in Figure 10. Figure 10 shows photoresist 42 
patterned on top of conformal layer 40. Photoresist 42 is used to etch a trench in conformal layer 40 
and dielectric 32. Figure 1 1 shows trench 44 which is etched into conformal layer 40 and dielectric 32. 
Trench 44 is etched in dielectric 32 and conformal layer 40 using a conventional carbon fluoride based 
plasma with ratios of carbon and fluoride appropriately selected for etching silicon nitride conformal 
layer 40 and silicon dioxide or FSG dielectric 32. Hie two side walls of trench 44 are pointed to by 
numerals 43. 

In the present embodiment of the invention, trench depth d* of trench 44 is determined by the 
length of time during which conformal layer 40 and dielectric 32 are exposed to the etching plasma. In 
another implementation of this embodiment of the invention, instead of timing the exposure to plasma, 
a suitable etch stop layer such as silicon carbide, silicon nitride, aluminum oxide, or silicon oxynitride 
is used to achieve trench depth d* of trench 44. 

Hie next step in the invention's process is to strip photoresist 42 which was used solely to 
protect the underlying conformal layer 40 and dielectric 32 during the etching of trench 44. Photoresist 
42 is stripped by using a conventional oxygen plasma or by using hydrogen plasma or forming gas (H 2 
/ N 2 ). The result of this step is shown in Figure 12. It is noted that during this step, barrier layer 34 
protects the copper interconnect metal 38 from being oxidized if oxygen plasma is used. The next step 
in the invention's process is to remove barrier layer 34 from the bottom of via 30 by using an 
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appropriate etching plasma which is selective to conformal layer 40 and dielectric 32. The result of 
this step is shown in Figure 13. As seen in Figure 13, interconnect metal 38 is now exposed and can 
contact the metal used to fill via 30. 

In a first implementation ofthe present embodiment of the invention, a metal such as copper is 
used to fill trench 44 and via 30. Atypical method to fill trench 44 and via 30 with copper is to first 
deposit a barrier layer. This barrier layer is not shown in Figure 14 or in any ofthe Figures. After 
deposition ofthe barrier layer either of two alternatives can be used. A first alternative is to perform a 
copper seed deposition followed by copper electroplating. A second alternative is to deposit copper by 
chemical vapor deposition ("CVD") or by physical vapor deposition ("PVD"). 

The interim result of this step is shown in Figure 14. Figure 14 shows metal 46 inside trench 
44 and via 30. As shown in Figure 14, metal 46 contacts interconnect metal 38 situated below via 30. 
In this embodiment ofthe invention it is desirable to remove those portions of silicon nitride conformal 
layer 40 that remain on the top surface of dielectric 32. The reason is that silicon nitride has a high 
dielectric constant and causes a relatively large increase in line to line capacitance between the 
interconnect metal in trench 44 and the neighboring interconnect metal (the neighboring interconnect 
metal is not shown in any ofthe Figures). 

In this implementation ofthe present embodiment, in order to remove those portions of silicon 
nitride conformal layer 40 that have remained on the top surfece of dielectric 32, a conventional 
chemical mechanical polish ("CMP") can be used CMP is used first to remove the excess metal 46 
over the wafer surface and then to remove silicon nitride conformal layer 40 from the top surface of 
dielectric 32. The final structure of the invention's high aspect ratio via is shown in Figure 15. 

It is noted that according to the conventional methods, a hole having a target depth d\ (d* is 
shown in Figure 15) and a target width w t (w t is also shown in Figure 15) had to be etched to arrive at 
the final trench and via configuration shown in Figure 15. It is further noted that d t is equal to 1.3 
microns in the example used in the present application. The reason is that dt is equal to d* (di is shown 
in Figure 8 and is 1.3 microns in this example) since conformal layer 40 is completely removed. 
Moreover, as explained above, w t is equal to 0.15 microns. Thus, the aspect ratio ofthe required prior 
art hole (i.e. d/wO would be 8.66 (i.e. dVw t = 1.3/0.15 = 8.66). However, as. explained above, the 
invention's requires a hole having an aspect ratio of merely 3.71 (i.e. dM = 1.3/0.35 « 3.71). 
Accordingly, the invention's method makes it much easier to arrive at the final desired trench and via 
structure shown in Figure 15. 

In a second implementation ofthe present embodiment of the invention, after stripping the 
trench photoresist and before removing barrier layer 34 from bottom of via 30 (see Figure 12), the 
portions of silicon nitride conformal layer 40 that have remained on the top surface of dielectric 32 are 
first removed. The removal can be done by a conventional carbon fluoride based plasma with ratios of 
carbon and fluoride appropriately selected for etching silicon nitride. Barrier layer 34 at bottom of via 
30 can be removed during this step, particularly when barrier layer 34 is silicon nitride. The result of 
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this step is shown in Figure 16. As seen in Figure 16, a sid effect of the etching of the silicon nitride 
conforma] layer 40 from the top surface of dielectric 32, is that some of the silicon nitride confonnal 
layer that was deposited ver side walls 35 fvia 30 may also beetched away. This inadvertent 
etching of the confonnal layer causes a rounding off effect at the edges of the conformal layer pointed 
5 to by numeral 48 in Figure 16, although other shapes might result depending on the etch chemistry 
used 

The next step of this implementation of the present embodiment is to fill trench 44 and via 30 
with a metal such as copper. As discussed above, a typical method to fill trench 44 and via 30 with 
copper is to first deposit a barrier layer. This barrier layer is not shown in Figure 1 7 or in any of the 

10 Figures. After deposition of the barrier layer either of two alternatives can be used. A first alternative 
is to perform a copper seed deposition followed by copper electroplating. A second alternative is to 
deposit copper by chemical vapor deposition ("CVD") or by physical vapor deposition ("PVD"). 

The result of this step is shown in Figure 17. Figure 17 shows metal 46 inside trench 44 and 
via 30. As shown in Figure 17, metal 46 contacts interconnect metal 38 situated below via 30. Figure 

15 17 thus shows the final structure of the invention's high aspect ratio via according to the second 

implementation of the present embodiment It is noted that according to the conventional methods, a 
hole having a target depth d, (d t is shown in Figure 1 7) and a target width w t (w t is also shown in 
Figure 1 7) had to be etched to arrive at the final trench and via configuration shown in Figure 1 7. It is 
further noted that dt is equal to 1.3 microns in the example used in the present application. The reason 

20 is that d\ is equal to dj (dj is shown in Figure 8 and is 1 .3 microns in this example) since confonnal layer 
40 is completely removed Moreover, as explained above, w t is equal to 0.15 microns. Thus, the 
aspect ratio of the required prior art hole (i.e. oVwO would be 8.66 (i.e. dM = 1.3/0.15 = 8.66). 
However, as explained above, the invention's requires a hole having an aspect ratio of merely 3.71 (i.e. 
di/wj = 1 .3/0.35 - 3.71): Accordingly, the invention's method makes it much easier to arrive at the 

25 final desired trench and via structure shown in Figure 1 7. It is further noted that in both the first and 
second implementations of this embodiment of the invention, the metal filling trench 44 is in feet part 
of an interconnect metal pattern situated on top of via 30. Thus, via 30 connects interconnect metal 38 
situated below via 30 to an interconnect metal pattern above via 30. 

As shown in Figures 7, 15, and 17, in the final structures of the invention, there is no 

30 conformal layer left on the side walls of the trenches. In comparison to the prior art, this results in the 
significant benefit of a low line-to-line capacitance since the typical conformal layer used possesses a 
high dielectric constant 

While certain embodiments are illustrated in the drawings and are described herein, it is 
apparent to those of ordinary skill in the art that the specific embodiments described herein may be 

35 modified without departing from the inventive concepts described For example, various combinations 
.of materials may be used as the dielectric (examples of which are low dielectric constant materials such 
as porous silica, fluorinated amorphous carbon, fluoro-polymer, parylene, polyarylene ether, 
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sfeesquioxane, fluorinated silicon dioxide, and diamondlike carbon), the conformal layer, and the 
barrier layer to meet certain design requirements. In addition, various combinations of etching, CMP, 
etch stop layers, and ther techniques known in the art may be used to accomplish the invention's 
concepts described herein. Furthermore, although the drawings show examples of a trench wherein the 
5 - trench is wider than the via, this is not a requirement. 

Thus, method for fabrication and structure for high aspect ratio vias have been described 
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CLAIMS 

1. A method for fabricating a via and trench structure, the method comprising the steps 

of: 

etching a via in a dielectric, said via having an initial width; 

depositing a conformal layer over said dielectric and said via so as to reduce said initial width 
to a target width; 

etching a trench in said dielectric and conformal layer over said via. 

2. The method of claim 1 further comprising the step of filling said via with metal, said 

' metal connecting a first interconnect metal below said via to a second interconnect metal in said trench. 

3. The method of claim 2 wherein said metal, said first interconnect metal, and said 
second interconnect metal are copper. 

4. The method of claim 1 wherein said dielectric is selected from the group consisting of 
silicon dioxide and fluorinated silicon dioxide, 

5. The method of claim 1 wherein said conformal layer is selected from the group 
consisting of silicon dioxide and silicon nitride. 

6. The method of claim 1 wherein said step of etching said trench is performed by 

plasma. 

7. The method of claim 1 wherein said step of etching said trench is performed by 
utilizing an etch stop layer. 

8. A method for fabricating a via for connecting a first interconnect metal below said via 
to a second interconnect metal above said via, the method comprising the steps of: 

etching a via in a dielectric, said via having an initial width; 

depositing a conformal layer over said dielectric and said via so as to reduce said initial width 
to a target width; 

etching a trench in said dielectric and conformal layer over said via; 

filling said via and trench with metal, said metal connecting said first interconnect metal below 
said via to said second interconnect metal above said via. 

9. The method of claim 8 wherein said metal, said first interconnect metal, and said 
second interconnect metal are copper. 
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1 0. The method of claim 8 wherein said dielectric is selected from the group consisting of 
silicon dioxide and fluorinated silicon dioxide. 

1 1 . Hie method of claim 8 wherein said conformai layer is selected from the group 
consisting of silicon dioxide and silicon nitride. 

12. The method of claim 8 wherein said step of etching said trench is performed by 

plasma. 

13. The method of claim 8 wherein said step of etching said trench is performed by 
utilizing an etch stop layer. 

14. Hie method of claim 8 further comprising the step of removing said conformai layer 
from said dielectric after said filling step. 

15. The method of claim 14 wherein said step of removing is performed by chemical 
mechanical polishing. 

1 6. Hie method of claim 8 further comprising the step of removing said conformai layer 
from said dielectric after said step of etching said trench and before said filling step. 

1 7. The method of claim 1 6 wherein said step of removing is performed by plasma. 

18. A structure in a semiconductor chip, said structure comprising: 

a via in a dielectric, said via having a via side wall, wherein said via side wall is covered by a 
conformai layer; 

a trench in said dielectric situated on top of said via, said trench having first and second trench 
side walls, wherein said first and second trench side walls are not covered by said conformai layer. 

19. The structure of claim 1 8 further comprising a metal inside said via, said metal 
connecting a first interconnect metal below said via to a second interconnect metal in said trench. 

20. The structure of claim 18 wherein said metal, said first interconnect metal, and said 
second interconnect metal are copper. 
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21. The structure f claim 1 8 wherein said dielectric is selected from the group consisting 
of silicon dioxide and fhiorinated silicon dioxide. 

22. The structure of claim 1 8 wherein said conformal layer is selected from the group 

5 consisting of silicon dioxide, silicon nitride, silicon carbide, aluminum oxide, and silicon oxynhride. 
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